terns of knowledge distribution within a group. Researchers have found that older people, women, and people related by kinship share more knowledge of plant uses (Boster 1986 , Caniago and Siebert 1998 , Garro 1986 . Researchers have also studied the effects of the market economy on knowledge of plant uses. Among the many factors that could contribute to the loss of folk knowledge of plant uses, the market economy may play a role because markets allow access to substitutes for products made from plants (Locay 1989) . Also, the development of market economies tends to be correlated with greater socioeconomic heterogeneity, and therefore one might expect greater variance in plant knowledge as markets expand.
So far, research estimating the link between socioeconomic variables and a person's folk knowledge has produced unclear results. Some researchers have shown a negative correlation between skills associated with the market and folk knowledge. In a study in Mexico, Benz et al. (2000) found a negative correlation between knowledge of plant uses and skills in Spanish. In a study of 85 children in a rural village in Kenya, Sternberg et al. (2001) found that scores on a test of tacit knowledge were negatively correlated with math scores. Zent (2001) found a negative correlation between knowledge of forest trees and either schooling or fluency in spoken Spanish among 104 Amerindians in Venezuela. Others have found that markets do not always erode folk knowledge. In a study with 80 adult Amerindians in Honduras, Godoy et al. (1998) found that integration into the market through sale of crops or wage labor was correlated with less knowledge of wildlife but integration into the market through the sale of forest goods was correlated with more knowledge of wildlife. In two cross-sectional surveys spanning 30 years among Maya children in Mexico, Zarger and Stepp (2004) found no change in plant knowledge despite significant socioeconomic changes in the region.
Most of the studies just reviewed used a small sample of observations and focused on a few covariates. We overcome these limitations by including a large number of observations and using many covariates that serve as proxies for different dimensions of integration into the market.
methods
Research lasted 18 months (May 1999 to November 2000) and included repeated measures from the same informants of two villages (panel survey) and a one-time survey in 59 villages spread throughout the Tsimane' territory (cross-sectional survey).
Study site. The Tsimane' are a foraging-horticulturalist group of about 8,000 people living in some 100 villages in the department of Beni, in the Bolivian Amazon. In the past 25 years, the opening of a new road and the boom in the exploitation of precious wood species have (San Borja) , the villages in the panel survey (Yaranda and San Antonio) , and the villages in the cross-sectional survey.
provided options for the Tsimane' to enter the market economy in two main ways. Tsimane' living far from towns swap thatch palm for commercial goods, an activity that increases their dependence on the forest. Tsimane' closer to towns earn cash from selling crops and from working for highland colonist farmers and cattle ranchers, activities that decrease their dependence on the forest (Godoy 2001 , Vadez et al. 2004 . Because Tsimane' vary in the frequency and intensity of contact with the market economy, they are ideal subjects for a study of the effects of the market on folk knowledge of plants.
Sample. We selected villages that varied in distance from the closest town. The panel study was conducted in the villages of Yaranda, which is a three-day canoe trip from the closest market town, and San Antonio, which is a three-hour walk from the same town. We surveyed all the adults in the two villages (n p 108) on three occasions (n p 312). The cross-sectional survey included 497 households in 59 villages (avg p 8.7 households surveyed/village, s.d. p 2.87) ( fig. 1) . In each household we randomly selected either the female or the male household head for the interview.
Estimation strategy. Folk knowledge reflects demographic attributes, socioeconomic variables that serve as proxies for acculturation and integration into the market, and attributes of the village and the habitat. We express knowledge as
where K ijvt is the individual knowledge of informant i of household j in village v at time t. X ijvt is a vector of variables that capture demographic and life-cycle attributes of the informant, Y ijvt is a vector of variables that serve as proxies for integration into the market, Z vt is a vector of variables that serve as proxies for the attributes of village v at time t, and ijvt is a random error term. Village attributes are important because they may cap- (Romney, Weller, and Batchelder 1986 ) and proxy folk knowledge by calculating agreement among informants on responses to multiple-choice questions on plant uses. The merit of the method is that it allows one to measure folk knowledge over a large sample by using structured interviews. The method, however, has several shortcomings. It does not allow one to analyze factual use of plants or objective knowledge, and it works only if plant nomenclature does not vary across villages. Last, it does not capture specialized knowledge; it concentrates on general, commonly held knowledge. Thus, experts could score low on cultural competence because they give answers that others do not know (Boster and Johnson 1989) .
To get individual estimates of folk knowledge, we first generated a list of useful plants by using free listing from 50 subjects on the panel. From the 92 plants that were mentioned by at least one informant in each village, we developed three multiple-choice questionnaires. In the questionnaires we asked subjects whether plants could be used for none, one, or various of the following uses: building, firewood, food, medicine, canoes, and tools. We employed the three questionnaires in the panel survey (Reyes-García et al. 2004 ) and only one questionnaire in the cross-sectional survey. Surveys were conducted in Tsimane' with the help of translators. We used the answers to calculate the variables cultural consensus and cultural competence (table 1). Cultural consensus is the group average similarity in responses and was calculated at the village level. Cultural competence is the proportion of questions coinciding with the most frequent response in the group and was calculated at the individual level.
Explanatory and control variables. We measured variables that serve as proxies for current and long-term participation in the market. Among the measures that captured current participation in the market we included distance from the closest market town, distance squared (to control for nonlinearity), and own cash earnings from wage labor and from the sale of goods. As a proxy for long-term participation in the market we measured gross household wealth, defined as the total monetary value of a basket of modern assets (e.g., a shotgun). We equated acculturation with schooling (measured by the maximum school grade attained by the informant) and fluency in spoken Spanish (as assessed by the interviewer). In the panel study we also collected data on the schooling of the informant's father to control for family-background characteristics. We used the subject's age and sex as controls.
Potential biases in estimations. All the variables that serve as proxies for integration into the market are potentially endogenous because we cannot control for unobserved heterogeneity in subject endowments and pref- erences. As a result, the parameters we estimate should be interpreted as correlations rather than as causal statements. For instance, people with less plant knowledge may have decided to move farther from the market town, and people with particular unobserved abilities may be more likely to learn about plants and gravitate toward (or move away from) the market. Still another source of endogeneity could stem from classic measurement errors of the variables involved.
results

Cultural consensus.
In the panel study, we calculated cultural consensus for each village and questionnaire. All the answers fit the cultural consensus model, meaning that people agreed on the uses of plants. In the three questionnaires, the level of agreement was higher in the isolated village of Yaranda than in San Antonio (ratio of the first to the second eigenvalue p 37 versus 21 on the first multiple-choice, 42 versus 26 on the second, and 42 versus 19 on the third). Data from the cross-sectional study suggest that individuals in more isolated villages share more knowledge of plant uses than individuals in villages closer to town ( fig. 2 ). In villages with more than eight informants (n p 29), we found a positive correlation between village cultural consensus and village-totown distance (coeff. p 0.46; p ! 0.01).
Cultural competence in knowledge of plant uses: The panel survey. We next used data from the panel to explore whether people in a village know more or less as a function of their economic status. For the village closest to the market town, we did not find a relation between knowledge and cash or wealth. The three proxies for acculturation (informant's schooling, fluency in spoken Spanish, and father's schooling) were correlated with agreement in plant knowledge but not always in the expected direction (table 2) . Contrary to our expectation, one additional year of schooling was correlated with 2.1% higher agreement in plant knowledge (p ! 0.01). Fluency in Spanish was correlated with 5.4% less agreement in plant knowledge (p ! 0.05), and parental schooling was correlated with 1.4% less agreement in plant knowledge (p ! 0.01). In the more isolated village, cash income was not correlated with agreement in plant knowledge, but household wealth was correlated negatively with plant knowledge. An increase of US$1,000 in wealth was correlated with 4.2% lower agreement in plant uses (p ! 0.10) (table 2). Age was also associated with more plant knowledge. An increase of ten years in a person's age was correlated with 7.2% higher agreement in plant knowledge (p ! 0.01). We used a square term for age to control for possible nonlinearity. The negative coefficient of age squared shows that agreement in knowledge increases with age until about 55 years of age, after which agreement in knowledge declines.
We next pooled the answers from the two villages of the panel study and calculated the level of agreement of each informant with the entire sample. Village of residence yielded the most statistically significant result. Residing in the more isolated village was correlated with a 24.4% higher score in cultural competence (p ! 0.001) (table 2). After controlling for village of residence, we found that neither cash nor wealth bore a statistically significant correlation with knowledge scores. Parameter estimates for acculturation variables produced mixed results. One more year of schooling was correlated with a 1.4% higher cultural competence score (p ! 0.01), but fluency in Spanish was correlated with a 4.1% lower cultural competence score (p ! 0.10). Parental schooling was correlated with a 1.3% lower score (p ! 0.001), but ten more years of age was correlated with a 3.2% higher score (p ! 0.1).
Cultural competence in knowledge of plant uses: The cross-sectional survey. Though Tsimane' show a high level of agreement on plant uses (Reyes-García et al. 2003) , agreement is likely to be higher with people of the same village than with people of other villages. To avoid this potential bias we analyzed the data in two ways. First we estimated cultural competence comparing individuals with people from their village (intravillage), and then we compared each individual with the entire sample (pool) (table 3) .
Village-to-town distance was correlated with greater knowledge scores in a statistically significant way for both intravillage and pool scores. In both cases the link between folk knowledge and distance resembled an inverted U. When using intravillage agreement as a dependent variable, we found that people living 10 km away from the nearest town had 2.5% higher agreement in plant knowledge (p ! 0.001), but people living farther than 48 km away from town had lower agreement in plant knowledge. Schooling was correlated with 2.4% higher scores in plant knowledge (p ! 0.05), although fluency in Spanish was correlated with 2.7% lower scores (p ! 0.05). Being a man was correlated with 2.5% higher scores (p ! 0.01). We found similar results when using scores of knowledge of the pooled sample using village dummies to control for ecological variation. Each additional 10 km from the nearest town was correlated with 2.9% higher agreement in plant knowledge (p ! 0.001). The apex of the inverted U curve was at 53 km. An increase in age of ten years was correlated with 3.4% higher scores (p ! 0.1), and being a man was correlated with 1.6% more agreement in plant uses.
discussion and conclusion
Three major findings deserve discussion. First, contrary to previous studies, we found that schooling was positively correlated with agreement in knowledge of plant uses. Second, distance from a market town was correlated with higher knowledge, but after about 50 km agreement in uses of plants declined. This result is not an artifact of the definition used because we found the same result whether we defined knowledge as agreement within or agreement across villages. Third, when villageto-town distance was controlled, other indicators of integration into the market, such as cash earnings and wealth, bore no consistent, significant correlation with knowledge of plant uses.
Why would schooling be correlated with greater agreement in plant knowledge, and why might the relation between knowledge of plant uses and village-to-town distance be inverted-U-shaped? Answer to the two questions are probably linked. Schooling is correlated with greater agreement because students in schools are exposed to similar knowledge about plants and because they have the opportunity to interact with each other. Since schooling has not yet reached the most isolated Tsimane' villages, people in those villages are more likely to disagree with the group because they have not yet been exposed to the same corpus of knowledge and have had fewer opportunities to interact. The content of the knowledge transmitted in schools could be different from folk knowledge or it could be the same (we cannot tell from the data), but if this explanation is correct the findings point to the potential of using the schooling experience to spread folk knowledge.
A possible explanation for the weak correlation between market-related activities and folk knowledge is that not all those activities exert the same effect on knowledge. For example, it may be that activities that decrease dependency on the forest, such as wage labor, are correlated with less knowledge of plant uses but activities that increase dependency on the forest, such as the sale of forest products, are correlated with more knowledge of plants. Another reason for the lack of visible effect relates to classical measurement errors of the variables that serve as proxies for market participation. Earnings are notoriously difficult to estimate (Deaton 1997). Future studies on the effects of markets on folk knowledge should address diversity in economic activities and try to identify suitable instrumental variables for indicators of integration into the market.
References Cited a t r a n , s . , a n d m . . b e n z , b . , j . c e v a l l o s , f . s a n t a n a , j . ro s a l e s , a n d s . g r a f . 2000 . -the idea of one soul (and one kind of culture) but many bodies, many natures. As Vilaça (2002:351) explains, "What enables the permutability of the body is precisely the equivalence of spirits: all are equally human, equally subjects. By modifying the body alimentation, change in habits, and the establishment of social relations with other subjects, another point of view is acquired: the world is now seen in the same way as the new companions, that is, the members of the other species." These ideas go beyond cosmology to include social processes. The bodies of spirits, humans, and animals are all changing over time, and in the process these beings take on new subjectivities and relational points of view-transformations that are central to Amazonian ideas and practices of kinship and sociality (Vilaça 2002, Fausto 2000, Overing and Passes 2000, Viveiros de Castro 2001). Indeed, the soul is the inner perspective of the body, a "potency, related to the capacity to produce another body" (Vilaça 2002:364) . As all of this work has shown, in Amazonia there is no such thing as a body in stasis; it must constantly be made and remade.
In this report we explore how the poetic structures of grammar and music in three women's songs from the Napo Runa of Amazonian Ecuador evoke the native theory of the body's potency and its ability to attract desirable things, powers, qualities, and people. In confronting the aesthetic and cultural complexity of these songs we have drawn on a variety of theoretical approaches, among 2. These principles point to the core principle of perspectivism, that the body is "a mere envelope (a 'clothing') which conceals an internal human form, usually one only visible to the eyes of the particular species or to certain types of trans-specific beings such as shamans" (Viveiros de Castro 1998:2). All living beings contain the same inner core of soul or soul substance but differ in outer form. Shamans, beings who can travel in time and space, can and do change their outer form, as do animals and spirits. "Body and soul," writes Viveiros de Castro (p. 481), "just like nature and culture, do not correspond to substantives, self-subsistent entities or ontological provinces, but rather to pronouns or phenomenological perspectives." Indeed, the action and experience of bodily refashioning-the phenomenological side of perspectivist realities-cannot be separated from cosmology, symbolism, aesthetics, and vocal art.
them French and Brazilian structuralism (Descola 1992 (Descola , 1996a Taylor 1993 Taylor , 1996 Vivieros de Castro 1998 Vilaça 2002; Fausto 2000) , embodiment (Csordas 1990 , Merleau-Ponty 1962 , mimesis (Taussig 1993), ethnopoetics (Hymes 2003) , and ethnomusicology (Feld 1982 , Olsen 1996 , Seeger 1987 . Our primary objective is to translate these songs and identify their main aesthetic features, but we also seek to convey something of their meanings as phenomenological acts. We will show that the aesthetic features of these songs resonate powerfully with the mythological and metaphysical qualities of a bird that is at the core of Napo Runa mythology and weave people, their bodies, and those of nonhuman entities together in deeply meaningful ways. The songs speak to the theme of soul potency and the body's refashioning not just in relationship to birds but also in relationship to gender, kinship, and history. They demonstrate the transformative role of music in the fabrication and experience of the body as a locus of power.
the context
All forms of music among the Napo Runa are termed takina, and people say that all takina originate from samai (soul-substance or breath). Songs are action-powerful music that attracts energy, qualities, people, and power and, if used for the purposes of shamanistic sorcery (sagrana, brujuna), can make others ill. The three songs we examine here come from a copy of a tape recorded in the 1980s by the family of Edith Calapucha, which features the music of Edith's grandfather (Vicente Calapucha) and grandmother (Serafina Shiguango), the founders of the native community of Sapo Rumi. Vicente plays the violin and Serafina sings. [Transcripts, translations, and audio files of these songs may be found in the electronic edition of this issue on the journal's web page.] Traditionally, women sing while the men play instruments, although shamans sing specialized songs often glossed as yachai (power/knowledge). The violin was borrowed from the Europeans but modified and played in a distinctly Amazonian style (see Oberem 1980:308) . Violins are also sometimes used in shamanic practice. The gender distinctions of musical practice reflect the principle of masculine and feminine complementary, a core idea of Napo Runa socioculture (Uzendoski 2004b).
We argue that these women's songs are a form of shamanic practice, the singer experiencing her body as a special locus of subjectivity as defined by relations with birds and other alters. When women sing they report feeling the power (ushai) of the birds or animals they sing about "in their flesh" (paiguná c aichai). The Runa view takina as ushai and believe that shamanic takina allow people to embody power by mimetic association with powerful alters. Singing elicits and reflects the power (ushai) of the singer, a sinzhi warmi (strong woman).
Vicente and Serafina were well known for their musical powers. They used to make their music daily during their morning wayusa tea-drinking ritual, and their affinity for music was a sign of their status as powerful beings. Today the reproduction of their music on tape is viewed as a manifestation of their power and samai, which have been passed on to their descendents. Recorded music is highly valued because it furthers indigenous self-determination and historical consciousness, a different kind of mimesis linked to ethnic resurgence (see Whitten and Whitten 1988, Uzendoski n.d.) . The performance of women's songs is not as prevalent as it once was, and, because of their themes of attraction and seduction it is often difficult to find women who are willing to share their songs with researchers. To make one's songs public, for example, is to enter into a social context in which one's samai and shamanic power become visible to others. In the dangerous world of Amazonian cosmological relations of predator and prey, shamanic actions often elicit counterresponses from rival shamans or spirits (Whitehead and Wright 2004); women's songs are part of this field of relations, thought to influence life, death, sickness, and health.
Not all women's songs are performed in secret, however. As in the past, women still perform them in public during fiestas and weddings. Because the intent is to "make people happy," these songs are not dangerous, but they continue to be regarded as expressions of samai and power. Their intimate connection with emotional states (Harrison 1988:147) resonates with the notion that they embody powers of attraction and have influence over the samai of others. They evoke memories of the ancestors who sang these songs before them and the emotions linked to them, and the singers of them are the most respected women in Napo Runa society.
Young people are beginning to relearn the songs of their grandparents and great-grandparents, and men are beginning to perform women's songs, arguing that men among the Shuar and Achuar sing and there is no reason they should not (see Descola 1996b , Karsten 1998 [1920 ). Women continue to compose new songs that relate to their intimate experiences and visions of the contemporary world. These songs may never be studied by scholars, as they are expressions of shamanistic action aimed at controversial problems (for example, a woman may be seeking to attract a man who is someone else's husband or may be trying to win her husband back from another woman). Some of the most meaningful and powerful women's songs must therefore remain secret. Because of their complexity and their private, emotional, and esoteric nature, they are difficult to study (Harrison 1988) .
The songs we examine emphasize the power of verbal art and music to transform the body. In these songs women experience the world from various corporeal perspectives defined by rhetorical forms of mimetic transformation. The embodied states here are enacted and experienced as alternative somatic perspectives of the human condition, a point reinforced by the affinities of bird sounds to the musical features of the songs (see Feld 1982).
the metaphysics of power and sexuality
Harrison's (1988) groundbreaking work on the connections among the body, power, spirit, and music in women's songs from Napo has revealed that gender and sexuality are central to their shamanistic qualities. Singers use their songs to acquire power and seduce men. Attraction, more than just a feminine preoccupation, is one of the defining characteristics of shamanistic action and is the cornerstone of animal-human relations, central to hunting and to masculine agency as well (Uzendoski 2004b) . Michael Brown (1985) has discussed the importance of attraction in Aguaruna magic and in hunting and singing and points out that attraction is a property of powerful plant substances as well (pp. 88-90) . In Napo it is often said that the anaconda attracts its victims "like a magnet," Anacondas also appear as beautiful men and women (attracting humans of the opposite sex). Male anacondas are said to impregnate women in their dreams by appearing as handsome men (Harrison 1988: 162) . Just as animals seduce humans, humans can use the ushai of animals and/or plants to seduce other humans. Two plants, simayuka and puma yuyu, confer powers of attraction, and the former is renowned as love magic.
Among the Napo Runa, the complementarity of gender and gendered sexual energy mediates most animal-human relations. Some women have male spirit/animal lovers from whom they acquire special energy and power. More commonly, however, men have female spirit/animal lovers who help them to attract and control women and the animals and fish that they seek. Women's songs connect the singers with the spiritual power of birds, turning them into predators who "hunt" men. In Napo Runa culture, men do not simply "dominate" women. Men and women see themselves as equally powerful and indispensable. Napo Runa women's songs help us to understand something of how their singers experience power and demonstrate the centrality of aesthetic performance to perspectivist cosmologies. In Armstrong's (1981) terms, they have an affecting presence.
analysis of the songs
The texts of the three songs presented here consist of ordered sets of lines that can be considered as representing scenes, stanzas, and verses (see Hymes 2003:303). As in myth narratives, the predominant poetic features of Napo Runa music are couplets, repetition, grammatical parallelism, syllabic patterning, and rhetorical initial words and ending words (Uzendoski 1999). High-pitched singing marks couplets and indicates the beginning of a line or verse. It imitates birdsong and helps to convey the transformation into a bird and the upward motion of flight. Drawn-out vowels form a complementary opposite to the high-pitched tones. Found at the ends of verses, they have a descending quality and signal closure or outcome, a transition to silence or pause. These features create what Hymes (2003:304-5) has termed "suc-cession," the equivalence of form that gives shape to action (see also Nuckolls 2000 , Jakobson 2000 [1960 ).
The succession here is something like an aesthetic form for the elicitation of ushai. Opposites often come together to form a third entity that transcends them (Uzendoski 1999). Taussig (1993:106) , speaking of the Kuna chanter, says that he "chants himself into the scene. He exists not just as a subject but also a mimeticised Other. . . . He creates the bridge between original and copy that brings a new force, the third force of magical power, to intervene in the human world." Similarly, the singer in these songs sings herself into a person of power and embodies this power in her performance. In so doing, she intervenes in the world both as a shamanic actor and as a sinzhi warmi (cf. Whitten and Whitten 1988).
The first song, "Birds and Flowers," features a woman turning into various kinds of birds, visiting flowers, flying through the sky, and calling on her husband to wait for her. The birds it mentions are the siccha, the kindi (a hummingbird), the suyu (a bird that flies in flocks high in the sky), and the duck. The song has four scenes that correspond to a transformation from one bird form to the next. Each scene is made up of two or three stanzas. Its main poetic features are repetition, couplets, parallelism, imagery, and rhythm, and its main theme is transformation into birds. While singing, the woman takes on the subject position of four different birds and visits flowers that provide her with nectar. She ascends and descends, moving between the heavens and the earth, and as a duck visits water and the snow-covered mountains. She refers to herself as special kinds of womansiccha warmi (siccha-woman), kindi warmi (hummingbird-woman), suyuguna warmi (suyu birds-woman), heaven-women, and woman-like duck. The use of these constructions (commonly employed to denote humananimal transformations in Quichua) and the constant use of the first person express the embodiment of the birds' perspectives by the performer-a transformation that is mimetically experienced by the singer.
The main musical feature is a high-pitched, ascending voice that evokes the rapid motion of the hummingbird darting from flower to flower as it feeds. By creating a detailed image of the bird-woman, the singer shamanistically taps into the perceived power of these beautiful creatures; her body becomes what she sings. A poetic and ontological "equivalence" (Jakobson 2000 (Jakobson [1960 ) is established between humans and birds; like birds, the songs travel far and wide to reach the souls of their targets.
Scenes are marked by transformations into different kinds of birds. Stanzas begin with high-pitched tones and end with softer, low-pitched and drawn-out vowels, which in turn fade into pauses. Verses are often coupled, the second repeating the previous one with a slight variation in syntax, tone, or length. The phrase shayauni ("I am standing") often signals the end of stanza. "Standing" here is a kind of power image with connotations of strength and resilience (Harrison 1988) . Almost every line ends in a or i, usually drawn out to produce the vocal effect of descent. In certain words that end in -in, such as wamburin, the n is barely audible, mimicking the bird's descent. Lines tend to end with three-syllable words, and these micro-relations of three may resonate with the idea of an intervening relation created through twinning or the transformation of opposites by a third entity, which is power.
The second song, "Huallaga," is an example of Hill's (1995:xi) assertion that "music and history are closely intertwined throughout lowland South America" (see also Whitehead 2003). The Huallaga is a river in Peru to which the Napo Runa used to travel, first with the Jesuits and later by themselves to obtain salt (Reeve 1993, Muratorio 1991).
3 The singer was a member of the last generation of Napo Runa to have traveled to the Huallaga. Her song shows the complementary nature of upriver and downriver ecological zones in the indigenous view. She sings to her husband, asking him to take her with him on the long, arduous journey.
This song presents a marked contrast with the first one. The pattern here is four rather than three syllables in each line. The structure of verses also follows this pattern, with generally two-line couplets making up a verse. The first line is sung in the high pitch while the second is lower-pitched. The phrase here, "Rigra, rigra" (Arming, arming), provides the central image, conveying the body movement involved in poling a canoe upriver. Because in Quichua rigra means "wing" as well as "arm," this phrase could also be translated as "winging, winging." This interpretation is reinforced by the singer's reference to a bird (tayuyulla) in the following lines.
One of the defining characteristics of birds is that they are masters of movement and travel, and this is also a notion associated with shamanic power in the Upper Amazon. As Descola (1996b:323) has noted, Achuar shamans employ rhetorical structures in their songs that are "a reaffirmation of the shaman's membership to a vaster community . . . even if he has not traveled much physically, a shaman is by nature a cosmopolitan creature." Indeed, these songs show that ushai is linked to movement and transformation, implicit characteristics of the power of birds and other shamanic beings. 4 "Fish," according to the singer, was formerly sung during drinking parties among auya, relatives linked by the marriage of their children. In it the in-laws try to make the woman drunk, and she likens her ability to resist drunkenness to a chinlus fish's ability to resist poison (barbasco). The chinlus is a small fish that is unique to the fast-moving currents of the Upper Napo region. While it is sometimes caught with a net or a hook, it has an extraordinary ability to move quickly in rapids 3. These trips ceased with the border war with Peru in 1941, which closed off trade from the Upper Napo region downriver toward Amazonia. Trade upriver (into the Andes) and downriver has been a feature of this area for quite some time and can also be shown to be central to pre-Hispanic dynamics (Uzendoski 2004a). 4 . Because Quichua-speakers do not separate time from space, this theme of traveling evokes temporal as well as spatial movement; powerful beings are able to move through different pacha or worlds of space-time (see Whitten and Whitten 1988).
and resist barbasco. The song calls upon the power of the chinlus, elicited through mimesis of the fish's movements, to make the woman strong. It makes reference to the time when Runa used to work gathering gold, and it also locates the singer within the landscape of her home with references to the Sapo Rumi petroglyph and the Yanayacu River. It also defines the singer in terms of her kinship identities: she is among auya, and her name, Shiguango, identifies her as a woman of a particular ayllu (kinship group). The song thus combines the animal and historical perspectives of the first two songs with identities of kinship.
Like the first song, this one shows a preference for three-syllable ending words. Again, beginning phrases are sung at high pitch. In contrast to the previous two songs, this one has longer verses-many lines strung together and sung in a more rapid and low-pitched voice. One theme of these repetitions is the assertion of various identities of the singer: "Siren," "money-mother," "Sapo Rumi woman," "gold woman," "Yanayacu woman," "Shiguango woman," and eventually "chinlus woman." The historical identities, like the animal alters, are implicitly linked to the singer's power.
One of the central images of this song is the use of the sound-symbolic (Nuckolls 1996 (Nuckolls , 2000 term cuscalla, which indicates standing firm within a current or against a powerful resistant force, to describe the fish woman as resisting her in-laws' efforts to make her drunk. She is also said to be "escaping like the wind" in the current, a construction that draws a figurative connection between the movement of the fish and that of birds and highlights the fish's ability to move with currents that carry it to safety. Thus, like the bird, the fish is likened to a master of movement that is intelligent, agile, and powerful. Vilaça (2002:349) has shown that transformations of kinship and identity and relationships with animals are both structured by the implicit principles of perspectivism in that "humanity is conceived of as a position, essentially transitory, which is continuously produced out of a wide universe of subjectivities that includes animals." The above songs define the singer's soul potency through multiple identities (acquired over time) linked to animal subjectivity, kinship, and historical experiences and through the features (rivers and the Sapo Rumi petroglyph) and history of her place of residence.
the humanity of birds
These three women's songs feature mimetic transformation as a central image. Their rhetorical patterning is applied not only to nature but also to kinship, residence, and history. Birds are the core theme; in two of the songs the singer becomes various birds, and in the third she becomes a chinlus, which, like a bird, is associated with movement and flight. This centrality of birds as objects of metaphor, power, and mimesis is found in other sources that deal with Amazonian Ecuador (Whitten 1976 (Whitten , 1985 Whitten and Whitten 1988; Karsten 1998 ). Whitten (1976 . proposes that birds are associated with mastery of vertical space and travel and carry women's songs (and their sexualized power to influence others) to faraway places. The implication here is that the songs are transformations of birds-that birds take on the samai of the singers.
This idea of birds and women's combining corporeal essences becomes even clearer when one looks at Napo Runa myths, whose culture heroes are the twins Cuillurguna (Orr and Hudleson 1971:2-6). The mother of the twins is the ilucu (the common potoo [Nyctibius griseus, Nyctibiidae), a bird that sings at night during a full moon. As the story goes, Ilucu has been impregnated by her brother, who upon being discovered ascends into the sky and tries to take her with him by making a ladder of arrows. She falls off the ladder, however, and they become separated. The brother then solicits the help of ilucu birds to help her ascend, but they cannot fly high enough. He then turns into the moon, and she becomes an ilucu. Every time the moon comes out, it is said, one can hear Ilucu calling out to her lover, "luuu, luuu, luuu, luuu," a sound-symbolic representation of the bird's call that is explicitly associated with feminine ritual wailing (Orr and Hudleson 1971:4) and the qualities of women's songs.
This myth is a microcosm of the complex relations surrounding women's songs. Ilucu, the conceptual "mother" of the Napo Runa, also represents the embodied coalescence of birds, femininity, sexuality, and song. Her song, like the songs of contemporary women, expresses feelings of love and sadness (both translated as llakina) caused by distant men. It also highlights the power of attraction, for she and the moon are separated but linked by a powerful mutual desire. These meanings are not merely esoteric. It is common for people to refer to sad or lonely women as "Ilucu," linking her to the destiny and powers of the mythological figure herself. The sounds of the common potoo are central to women's vocal art. This is the ecological palette of Napo Runa mythological aesthetics, at least of its feminine side.
The ilucu's call resonates with the verse structure, melodic contour, tone, and pauses of women's voices. Like women's songs, it is structured by lines and verses. The call usually has three "lines" but sometimes four or even five and is then repeated, but with variation that makes it both patterned and random, a feature of women's sons. Furthermore, what ethnomusicologists would call the melodic contours of women's and ilucu songs are strikingly similar, as the general motion of both songs is downward. As the ilucu's song descends, the volume of the sound drops. This "tone painting" resonates with the poetic movements of birds as agents of vertical movement. The rendering of the tones in the women's songs and the ilucu's call are also similar in the way individual tones are approached, held, and left. Especially in its opening tone, the ilucu does not hit a note precisely and hold that pitch; instead it initiates the tone and then slides up very slightly as in what vocalists refer to as "scooping." The tone then wavers slightly, exhibiting very slight and subtle changes of frequency. This same wavering of pitch is also clearly heard in the women's songs, especially in the upper register of the singer's voice. Another dramatic feature of similarity is the intervalic skipping (skipping one interval in a range) that we found both in all but one of the ilucu calls we heard and in the women's songs-a detail that we hope can be explored further in future research.
This similarity of patterning between bird calls and song shows the usefulness of ethnopoetic and ethnomusicological analysis in anthropological research-especially among Amazonian peoples that define sociality in terms of complex aesthetic forms and practices (Overing and Passes 2000:8). Our findings resonate with those of a groundbreaking study by Feld (1982) , who draws on the work of Robert Armstrong (1981) in showing that in the theory of music of the Kaluli of Papua New Guinea "becoming a bird" is the core aesthetic metaphor. The sounds of nature are also the sounds of humanity, and vocal art evokes an affective presence of mythological truths that are located in somatic transformations (birth and death). Feld's insights highlight the intimate relationship between vocal art, myth, presence, and the sounds of nature. Future research may explore in more detail the similarities and differences between Amazonian and Melanesian verbal art/music (see Knauft 1997, Gregor and Tuzin 2001) .
conclusions
In this study we have experienced something of the aesthetics of three women's songs from the Napo Runa of Ecuador. These three songs employ complex principles of music and sound that, in the native view, mimetically create relations of attraction and embodiment with natural beings. They combine the experience of human-animal relations, corporeal essences, gender, history, and subjectivities and highlight an often hidden aspect of shamanistic and cosmological action-feminine attraction. Taylor (1993 Taylor ( , 1996 and Surrallé s (2003) have shown the centrality of the senses to meaningmaking and social action in Amazonia. Additional insights can, as we have seen, be gleaned from the study of the way sound allows people to experience the somatic states and aesthetic contours of their perspectivist worlds 5 and of the role of gender-the symbolic and social issues associated with the female body-in the experience of perspectivism. Much work remains to be done in detailing the ways in which people experience their bodies as intersubjective entities. We hope that, in showing that, for people in Napo, historical, regional, and kinship identities are also woven into these complex relationships, we have succeeded in morphing Viveiros de Castro's rich set of ideas into another "bodily state," thus demonstrating the potency of its spirit and 5. Surrallés (2003:786) , for example, in analyzing Candoshi greeting ceremonies, has noted that "vision is . . . the expression of presence" and making eye contact with others is "a sign of challenge and seduction," but these greeting ceremonies are defined more by music than by words. For an account of the role of sound in an Amazonian society, see Graham (1995 e r i n g , j o a n n a , a n d a l a n p a s s e s . 2000 Routledge. t a y l o r , a n n e c h r i s t i n e . 1993. Remembering to forget:
Identity, mourning, and memory among the Jivaro. Amazonian Ecuador. Urbana: University of Illinois Press. w h i t t e n , n o r m a n , e . , j r . , a n d d o ro t h e a w h i tt e n . 1 b e r n a r d o t . a r r i a z a , m a t t h e w d o u b r a v a , v i v i e n g . s t a n d e n , a n d h e r b e r t h a a s dition along the Atacama coast and therefore changes over time should be expected. Arriaza (1995a,b) has pointed out that, because artificial mummification requires high energy investment, if the individuals with this complex treatment were members of a higher-ranking group, then they should be the minority while the supposed lower-ranking individuals, whose bodies were desiccated by the sand and heat of the desert (natural mummification), should be the majority. So far this does not appear to be the case (table 1) . Of 96 Chinchorro mummies exhumed from the Morro 1 site, for example, 37% were naturally mummified, while 63% were human-made in various styles-black, red, and mud-coated. Black mummies had rebuilt skeletal elements with flesh replaced by clay; the bodies were painted with black manganese pigment and had short human-hair wigs ( fig.1) . Red mummies were eviscerated bodies painted with red ochre and had long human-hair wigs ( fig. 2) . Mud-coated mummies were bodies encased in mud.
To test the validity of the two hypotheses-social inequalities versus evolutionary cultural changes-we selected 15 Chinchorro mummies to be radiocarbon-dated. The mummies came from four cemeteries, and those buried together had distinctive mummification styles. Chinchorro cemetery stratigraphy is horizontal rather than vertical. Bodies were interred as a continuum, not as burial mounds. Multiple natural or artificial layers of sediments have not been noted. In addition, all of the bodies were buried superficially (less than a meter deep), and individual tombs are absent. This horizontal burial makes the classic stratigraphic superposition model inapplicable, and therefore context, seriation, and radio- The following criteria were used for selecting the mummies for sampling:
1. Bodies naturally preserved buried next to bodies with artificial mummification (black or red style or mudcoated). Two sets of mummies from two different cemeteries were available to be sampled for radiocarbon dating to test for contemporaneity. The first set comes from the Morro 1 site and consists of a mud-coated mummy (Morro 1 T23C12) buried next to a naturally mummified body (Morro 1 T23C5). Two of us (BTA and VGS) excavated these mummies in 1983-84. The other set comes from the Maestranza 1 site, which we excavated in 1997. Here a naturally mummified body (Maestranza 1 C1) was found lying next to a black mummy (Maestranza 1 C4). Following Arriaza, we hypothesized that the resulting dates would be diachronic.
Bodies with complex mummification techniques (black or red) buried next to bodies with simpler techniques.
Two sets of mummies from the Morro 1 site were tested for contemporaneity. The first set consisted of a red mummy (Morro 1 T25C5) burried next to a mudcoated mummy that had been eviscerated (Morro 1 T25C6), previously dated to 2620 ‫ע‬ 100 BC (uncalibrated) (Arriaza 1995b, Standen 1991). The second set corresponds to a partially prepared body (Morro 1 T10B) buried near a cluster of black mummies (Morro 1 T1 cluster). The different treatment of Morro 1T10B precluded us from classifying it. We took two samples for radiocarbon dating and hypothesized that the dates for this complex mummy would fall after the black mummies from the Morro 1 T1 cluster. We selected a group of red mummies from tomb 7 of the Morro 1 site-Morro 1 T7C4, Morro 1 T7C5, and Morro 1 T7C6-for radiocarbon dating. We hypothesized that all the resulting dates for this red cluster would be contemporaneous and cluster around 2000 BC (uncalibrated), validating our argument that these red mummies emerged late.
Cluster of bodies with the same kind of artificial mummification (black or red). Two sets of mummies
Bodies mummified in similar ways from different sites.
On the basis of the availability of mummies, we selected three cemeteries from Arica-Playa Miller 8, Morro 1, and Maestranza 1. These cemeteries were located about 1 km from each other. The first sample (PLM 8 3254) was a black mummy from Playa Miller 8 now housed at the Museo Nacional de Historia Natural in Santiago (Alvarez 1969). The second sample came from our 1983-84 excavation of the Morro 1 site, which produced a cluster of eight black mummies. One of them, Morro 1 T1C4, was dated to 3210 BC ‫ע‬ 110 (uncalibrated). From this cluster, Morro 1 T1C5, housed at the Museo Chileno de Arte Precolombino in Santiago, was selected to be tested for contemporanetiy. The third black mummy sample dated was Maestranza 1C4. We predicted, on the basis of the similarity of the mummification, that all these black mummies would cluster around 3000 BC (uncalibrated). Finally, four red mummies housed at the MNHN were dated. Max Uhle excavated these mummies, none of which have been previously dated, in the early 1900s in Arica. The samples 
results
All the dates were calibrated using the OxCal V3.5 calibration program (Ramsey 2000). Table 3 shows the existing dates in years BP and the calibrated dates in years BC for all the Chinchorro mummies from Arica, using a two-sigma range. From this table a general trend can be seen, with the black mummies the oldest followed by the red and then by the natural mummies. One mudcoated mummy fell between the black and the red mummies, and two natural mummies fell among the red style. Table 4 shows the radiocarbon dates of the 15 newly dated Chinchorro mummies from Arica. All the dates were corrected for delta 12 C/ 13 C and calibrated using the OxCal V3.5 program. These dates show the black style as the oldest, followed by the red, but there are two natural mummies fitting within the black and red ones. In addition, there is now one black mummy, Morro 1 T1C5, that is an outlier dating to 2700-900 cal BC (two-sigma). The presence of Morro 1 T23C12, a mud-coated mummy dated to 3640-3370 cal BC (two-sigma), fits the trend presented in table 3. Table 5 and figures 4 and 5 show a summary of all previous radiocarbon dates and the current ones arranged by median and type of mummy, respectively.
discussion
Organic materials including skeletons and mummies of early preceramic sites are rare. Although the sample size is small for 3,000 years of mummification, some trends are apparent. In all the cemeteries studied, the black mummies were older than the red. Moreover, the early cemeteries had only black and natural mummies, while other cemeteries had black, red, and natural ones. Using two-sigma minimum, median, and maximum calibrated values, there are three main clusters of mummification styles, a black (ca. 4950-3475 cal BC), a red (3200-2450 cal BC), and a natural (2375-1900 cal BC). The new batch of radiocarbon dates confirms that the black mummies are the oldest, followed by the red. However, there are some surprises. The natural mummies tend to cluster toward the end of the artificial mummification period. One male 14-15 years old (Maestranza 1 C1), naturally mummified, was dated to 4010 cal BC (median). He was buried next to Maestranza 1 C4, an infant prepared using the black style, dated to 4300 cal BC (median). However, if we use the two-sigma distribution, the dates of these mummies overlap and can be considered contemporaneous (see table 5 and fig. 4 ). Both bodies were buried in extended position and found next to nine other bodies with varying degrees of artificial mummification (see table 1). Although all the bodies from the Maestranza site were extremely fragmented, Maestranza 1 C1 was found lying on top of Maestranza 1 C4 and thus the two could archaeologically be considered as a unit, perhaps buried a few decades apart. In addition, the Maestranza 1 C1 mummy fits in the middle of the black period and prior to two typical black mummies: Morro 1 T1C4, an adult male, and Maderas Enco 1 C1, a young male. This certainly raises the question what the status of this individual was and why he was not artificially mummified. Ideally nDNA and/or HLA markers will shed light on whether this individual is genetically related to other individuals in the cemetery or represents an outsider. The second intriguing issue is that there are three additional natural mummies (Morro 1-6 T23, Morro 1 T21C1, Morro 1-6 T9, an adult male, a young female, and an adult male respectively) fitting within the red period (see table 5 and figs. 4 and 5). They are placed at different times, but using a two-sigma value they can be considered contemporaneous with several red mummies ( fig. 4) . In addition, about 1550-2000 cal BC (median) there are also two red mummies, all with simpler mum-
Fig. 4. Calibrated dates (arranged by median).
Fig. 5. Minimum, median, and maximum calibrated dates (arranged by type of mummy).
mification techniques than usual (MNHN 10988 and MNHN 11040, an adult female and a child, respectively), clustering among the natural ones. It is still unclear how the mud-coated style changed over time and what its cultural significance was. If more of these bodies are found, they will need to be radiocarbon-dated. The relevant issue here is that cultural practices were changing over time, but within each style some juvenile and older individuals of both sexes were not granted the full rite of artificial mummification. Thus, Arriaza's and Standen's hypotheses are both partially correct. The 36 radiocarbon dates on 35 mummies (table 5) indicate that the evolutionary style classification is valid but that the natural mummies fitting between the black and red mummification styles are a real cultural phenomenon, not the product of biased or contaminated samples. So far this is true for Morro 1 and Maestranza 1 sites. The 1800 cal BC (median) date for Morro 1 T1C5, a black mummy, however, is completely out of sequence. The materials dated for this mummy and for the late red mummies were reeds of the external wrapping. This extreme discrepancy for Morro T1C5 is puzzling, and contamination of the sample or rewrapping of the mummy by later groups is a possibility. If we had two radiocarbon dates for each mummy with conflicting dates, one from the inner structure of the mummy and the other from the outside, we might learn something about the use and reuse of the cemeteries and mummies by ancient populations. Therefore, future studies will need to determine to what extent ancient cultural mortuary practices affected Chinchorro burial chronology. The archaeological record is dynamic; what we see is not always the way things were. Rather than a static moment in the past, archaeological finds may instead be several moments or events intermingling like a collage (see Williams and Beck 2001) . Even today in the Atacama Desert, in Arica, for example, when local farmers come across prehistoric or historic bones they often rebury them in twenty-first-century garments or plastic bags. Likewise, it is possible that in some cases subsequent generations of Chinchorro people saw or visited older mummies, wrapping them in new mat shrouds. This certainly would affect our chronological evolutionary typology, making older mummies chronologically younger.
Funerary practices are not a random phenomenon; on the contrary, they are determined, among the main variables, by traditions, responsibilities toward the dead, the social position of the deceased, the social structure of the population, and beliefs about an afterlife (see, e.g., Arriaza 1988 , Chapman, Kinnes, and Randsborg 1991 , and Parker Pearson 2000 . Chinchorro mummification practices starting around 6000 cal BC (for the Camarones site) may have begun as a product of grief, with children being artificially mummified and adults not. In addition, the data presented in table 5 show that all the infants radiocarbon-dated received artificial mummification regardless of site and time. However, this child mummification preference does not necessarily apply to the situation thousands of years later, when we find individuals of all ages receiving complex treatment.
Using a two-sigma distribution (between MNHN 10955 and Chinchorro 1 T1C1, that is, between 2450 and 4950 cal BC), it is notable that at least 4 of the 25 radiocarbon-dated bodies received minimal mortuary treatment (natural mummification). Therefore, it seems that there is a case for differential rites or social position. Although the Chinchorro had few grave goods, they were living year-round on the coast and must have been competing for mates and resources. Confrontation and trauma are evident in their bones (Standen and Arriaza 2000) , and therefore one hypothesis is that the few bodies with natural mummification may represent social outliers (nonlocals) of a low sociocultural position. This hypothesis is testable using aDNA or bone chemistry data such as strontium, oxygen isotope, and trace-element analyses (Verano and De Niro 1993, Knudson et al. 2004 ). However, some of the main factors leading to differential treatment in band-level societies appear to be belief in the supernatural, the charisma or personality of the individual, responsibility toward the ancestors, myth about a universal order, and cause of death (Arriaza 1988, Carr and Neitzel 1995) . Thus an alternative explanation is possible though harder to prove. Perhaps these four individuals, three males and one female (Morro 1-6 T23, Morro 1 T21C1, Morro 1-6 T9, and Maestranza 1C1), ranging from juvenile to older adults, broke community rules or died under unusual circumstances and were therefore undeserving of mummification.
In brief, our study shows that Chinchorro mortuary practices changed from black to red and that, contrary to our previous notions, mummification was applied selectively. Not everyone was artificially mummified in each period. All infants, however, received complex treatment independent of location and time, and therefore it seems that infancy was sufficient or at least a determining factor for being granted artificial mummification. If more natural mummies were radiocarbondated, they might cluster with those artificially prepared. The few grave goods do not support status differences between the different types of mummies. Thus, rather than considering the body treatment within a time frame (red or black period) as a vertical social differentiation, we are inclined toward the idea of an ideological-circumstantial treatment of the dead. Future studies will be needed to confirm our hypothesis that Chinchorro infants were always mummified and determine whether more natural mummies cluster among the artificially prepared ones. If the latter proves to be the case, Chinchorro differential treatment of the dead will be an even more complex issue for investigation. In Africa cattle, sheep, and goats play a major role in the socioeconomic and ecological adaptations of many peoples, both past and present. 
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Fig. 1. Localities mentioned in the text and the present-day distribution of tsetse and trypanosomiasis in southern Africa (modified after Gifford-Gonzalez 2000).
(Bos sp.) and goats are present at Pastoral Neolithic sites at Lake Turkana in northern Kenya by as early as 4,000-4,500 BP (Barthelme 1985).
The questions of when and where livestock first entered southern Africa have been widely debated (Mitchell 2003: chap. 9) . While the proposed routes vary, data gathered from historical linguistics, physical anthropology, genetics studies, and archaeology converge in suggesting that northern Botswana may have served as a major gateway for the initial spread of domesticated livestock into southern Africa ( fig. 1) (Westphal 1963, Ehret 1982, Hausman 1984, Sadr 1998a) . However, understanding of the chronology of the spread of livestock into the region has been hampered by the lack of pertinent AMS (accelerator mass spectrometry) radiocarbon dates obtained directly on livestock bones from the entire northern periphery of southern Africa. The establishment of an AMS chronology is crucial for documenting the spread of livestock because recent work at several key sites has demonstrated that sheep bones dated by AMS have proved to be considerably more recent than the bulk charcoal radiocarbon dates from the surrounding deposits had originally indicated (Sealy and Yates 1996). In the sandy deposits of the Kalahari, where small bones, charcoal fragments, and other objects can readily be moved considerable distances by burrowing animals such as springhare, it is essential to obtain AMS ages to establish an accurate perspective on the length of time livestock have been in the region. In this paper we present the first AMS dates obtained directly on domestic livestock bones from the postulated northern Botswana gateway area (table 1) . lake ngami and the toteng sites: overview
The Toteng sites are located near Lake Ngami, at the junction of the Kunyere and Nchabe Rivers ( figs. 1, 2) . After having dried up during the drought of 1982, Lake Ngami is currently filling with water again. However, historical sources record a large lake and fairly dense aquatic vegetation in the mid-1800s. Hippopotamus, rhinoceros, elephant, buffalo, kudu, reedbuck, giraffe, and other animals were common during the time of Livingstone, and the lake once teemed with fish (Livingstone 1858). Sediment analysis and single-aliquot regenerative (SAR) optically stimulated luminescence (OSL) dating (table 2) of fluvial sediments exposed in the walls of a dug well in the bed of the Nchabe River, 2 km southwest of Toteng, indicate strong flow into the Ngami Basin from the Kunyere and Nchabe at 4,200 ‫ע‬ 1,900 and at 2,200 ‫ע‬ 1,100 years ago (UGA04OSL-133 and 134). In addition, near Toteng 7, about 1 km southwest of Toteng 1 ( fig. 2) , lacustrine sediments in the small north-flowing tributary of the Nchabe include diatomite and organic, clay-rich beds indicating swampy conditions and backflooding of the Nchabe into the tributary due to rising lake levels at 5,300 ‫ע‬ 600 and 1,700 ‫ע‬ 2,000 years (UGA04OSL-147, 150, and 155) (Robbins et al. 1998).
These findings support previous evidence of high levels of Lake Ngami around 4,000-3,000 and 2,000 years ago, when the sediments at Toteng 1 and 3 were accumulating (Shaw et al. 2003) . A more extensive lake would have inundated the lower reaches of the Nchabe River valley, bringing a multitude of wetland resources to the Toteng area.
Pioneering work was carried out by Campbell and colleagues in 1991 at Toteng, and additional excavations were conducted by a team from the University of Botswana (Campbell 1992, Huffman 1994, Reid, Sadr, and Hanson-James 1998). It was established that the Toteng sites contained refuse middens with Bambata pottery, a hallmark of early domestic livestock in southern Africa, along with bones of cattle and either sheep or goats. Bambata pottery, named after the type-site of Bambata Cave in Zimbabwe, consists of generally small, thin-walled, delicate bowls and jars decorated with comb stamping and incision. Other sites known to contain Bambata pottery include widely scattered rock shelters and a number of open sites, most of the latter near Lake Ngami. It was also established at Toteng 1, the site that had the best preservation of fauna, that wild game such as buffalo, impala, lechwe, tesessebe, warthog, zebra, steenbok, hippopotamus, crocodile, and fish occurred in the deposits with the domestic animals (Campbell 1992). Both sites also yielded Later Stone Age microliths, bone arrow points or link shafts, and very small ostrich-eggshell beads. An age of about AD 240 was estimated for the Bambata pottery and livestock at Toteng on the basis of bulk radiocarbon ages (Campbell 1992). Thus, the information from the Bambata middens at Toteng suggested the existence of a stone-tool-using people who had pottery and who hunted, fished, and herded livestock at the edge of Lake Ngami. Moreover, an underlying midden at Toteng 1 dated at 2,640 p ‫07ע‬ BP included only wild game and lacked ceramics (Campbell 1992). These findings suggested that there was an excellent chance of documenting the timing of the arrival of livestock in the area by direct dating of collagen in cow and sheep/goat bones and teeth by AMS. Therefore, we returned to Toteng in July 2003 with the primary objective of refining the chronology on domestic livestock through the use of AMS dating.
Excavations were carried out in arbitrary 5-cm levels at Toteng sites 1 and 3, where a little over a meter of sandy deposits was found to overlie a thick layer of calcrete. Low frequencies of stone artifacts, varying from 3 to 56 specimens, were recovered in every 5-cm level at Toteng 1, where a block of seven 1-meter squares was excavated. Formal retouched tools were rare but included backed segments, small thumbnail-shaped scrapers, and backed drills. All were characteristic Later Stone Age artifacts that are commonly found at other sites in Botswana as well as elsewhere in southern Africa. Apart from surface finds, Bambata pottery was found mainly between 35 and 60 cm at Toteng 1 and between 30 and 45 cm at Toteng 3. Whereas identifiable bones were rarely found at Toteng 3, where seven 1-meter squares were excavated, bones of catfish, tortoise, monitor lizard, crocodile, hippopotamus, buffalo, lechwe, sitatunga, hartebeest, steenbok, duiker, sheep, and cow were recovered from Toteng 1. All of the wild animals, as well as those recovered previously by Campbell, are known to have inhabited the Lake Ngami area historically. Fish bones, mostly catfish, and tortoise-shell fragments were found in almost every 5-cm level of Toteng 1. The sitatunga found at 95-100 cm and the lechwe (105-110 cm) are both wetland antelope, suggesting the proximity of swamps adjacent to the lake or rivers-a conclusion consistent with the previously mentioned OSL-dated sediments. A unique discovery at Toteng 1 was the intentional burial (perhaps for ritual purposes) of a hippopotamus head, the remains of which extended between 90 and 115 cm below the surface.
discussion
Many of the morphological differences between sheep and goat are not applicable to these species in southern Africa (Boessneck, Mü ller, and Teichert 1964 , Prummel and Frisch 1986 , Badenhorst and Plug 2003 . Nonetheless, the dated sheep astragalus was identified on the Fig. 2 . The Toteng 1 and 3 archaeological sites and Lake Ngami in relation to the AD 1850 tsetse fly (Glossina morsitans) boundary of Davies and Bowles (1976) .
basis of the size of the specimen, the relative length, thickness, and position of the lateral versus medial dorsal facets, the relative length of the distal versus the proximal articulations, and the depth of the caput indentation ( fig. 3) . Taken together, these features distinguish this astragalus not only from wild antelope but also from goat. The dated cow second and third carpal fragment consists of the caudal section of the bone. In cattle this bone is more compressed and elongated than that of a wild antelope ( fig. 3) .
The very similar ages for the oldest cow and sheep bones at Toteng 1 imply that cattle and sheep arrived in the area together approximately 2,000 years ago. These findings are consistent with the interdisciplinary information suggesting that northern Botswana served as a gateway area for the dissemination of domesticated livestock in southern Africa. The initial appearance of livestock at Toteng is about 500-600 years earlier than the arrival of iron technology and livestock herding in both the Okavango Delta and the Tsodilo Hills areas north of Toteng (Denbow and Wilmsen 1986) ( fig. 1) . Both of these areas have provided the best-understood "Early Iron Age" baseline sequences in the general region. Thus, the arrival of livestock at Toteng appears to predate the advent of iron technology in the region. In southern African archaeology most authorities have associated the arrival of iron technology with the spread of peoples speaking Bantu languages, while the Later Stone Age peoples who inhabited the area prior to the advent of iron smelting are most often considered to have been ancestral Khoi- 1998b) . The AMS ages clearly support the view that the utilization of livestock is of great antiquity in the area. Overall, the AMS dates from Toteng, combined with the historical data mentioned below, provide compelling evidence that domesticated livestock were present in this part of the Kalahari for a period of 2,000 years. At the same time, bones of wild game and fish imply that hunting, collecting, and fishing were practiced along with herding.
Cattle appear about 300 years later in South Africa than at Toteng (Plug 1996). Although there are few AMS ages available in the region, a comparison of the Toteng 1 sheep date with the oldest AMS dates obtained on sheep bones from South Africa reveals striking similarities. A sheep bone from Spoegrivier Cave in the Northern Cape yielded an age of 2,105 ‫ע‬ 65 BP, while sheep bones from Blombos Cave, located at the southernmost tip of Africa, have produced ages of 1,960 ‫ע‬ 50 and 1,880 ‫ע‬ 55 BP ( fig. 1) (Sealy and Yates 1994, Henshilwood 1996) . When the standard deviations are considered, the Toteng 1 and Spoegrivier dates overlap and the earlier of the Blombos dates is also quite close. These are the oldest direct ages for sheep in southern Africa, whereas numerous younger radiocarbon dates are available on Early Iron Age sites containing livestock. In contrast, Later Stone Age sites throughout southern Africa that have deposits dated to the period between ca. 2,500 and 5,000 BP contain only wild fauna (Mitchell 2003, Deacon and Deacon 1999) . This is also true for sites in the general Kalahari region such as Toteng 7 and the Tsodilo Hills rock shelters (Robbins et al. 1998 (Robbins et al. , 2000 . These findings establish a likely baseline for the arrival and spread of sheep in southern Africa at approximately 2,000 years ago. The spread of sheep in the region appears to have been quite rapid, especially in contrast to the long period that it took for livestock herding to spread from East Africa to southern Africa.
There is growing interest in determining the rates at which food production spread throughout much of the world and understanding the factors that either contributed to or inhibited its dissemination (Diamond 2002). In the case of Africa, a pertinent question is why it took approximately 2,000-2,500 years for domesticated livestock to spread from the Lake Turkana region of East Africa to the Lake Ngami area of Botswana (a distance of at least 3,000 km) and only a few hundred years or less for sheep to spread from the northern Kalahari to the southern tip of Africa (a distance of at least 1,600 km).
Work by Gifford-Gonzalez (2000) clearly shows that northern Botswana was situated at the southern edge of an area marked by a suite of major animal diseases that kill domestic livestock, especially cattle ( fig. 1) . According to Gifford-Gonzalez, diseases such as bovine malignant catarrhal fever, East Coast fever, trypanosomiasis, and others were the main factors that inhibited the spread of livestock between eastern and southern Africa. When the distributions of the above diseases are lumped together, access to southern Africa for the dissemination of cattle, in particular, may have been virtually blocked over a substantial area extending from the Atlantic to the Indian Ocean. One of the most thoroughly documented of these animal diseases is trypanosomiasis or nagana, carried by tsetse flies (in the region in question, Glossina morsitans). Historical information shows that the Toteng sites were situated at or near the southern boundary of the tsetse-fly zone in Botswana ( fig. 2) (Davies and Bowles 1976) . In 1857 the explorer Charles Andersson (1857:390) wrote that "a party of Griquas, about 20 in number, who were elephant-hunting to the northwest of the Ngami . . . lost, prior to their return to the Lake, all their cattle by the bite of the Tsetse." Andersson himself first encountered tsetse just to the north of Lake Ngami along the Teoge ("Thaoge") River, a tributary that formerly flowed into the lake from the southwestern end of the Okavango Delta. However, he reported (p. 375) that the people who "inhabit the shores of the Ngami, are rich in sheep and goats, but possess comparatively few horned cattle." Relatively minor changes in rainfall and temperature would have had a significant impact on the tsetse-fly boundary and the ability to keep cattle in the immediate area. A slight drop in temperature 2,000 years ago would have shifted the boundary to the north
Fig. 3. Dated cow second and third carpal fragment (left) and dated sheep astragalus (right).
out of the Toteng area and allowed occupation by cattle. Although trypanosomiasis is usually fatal to cattle that have been infected, sheep and goats are less likely to die from it (Badenhorst 2002 , Connor 1994 . Goats and sheep have been observed to live in tsetse-infested areas where cattle cannot survive without the aid of preventative medicine (Connor 1994). According to Conner (1994: 188) : "Small ruminants have a much shorter generation time than cattle, and it is likely that in tsetse areas this factor has produced greater natural selection for trypanotolerance in these species than has occurred with cattle." If so, increased selection for trypanotolerance for small ruminants may have developed during the long interval between the initial arrival of livestock in East Africa and their spread to the frontier of southern Africa. Therefore it is possible that the herding of sheep spread through the area in advance of cattle. Once sheep had filtered through the area with numerous animal diseases, they could have spread rapidly through the tsetse-free zone to the south, as is suggested by the similarity of the available AMS ages, whereas there appears to have been a delay of several hundred years in the spread of cattle farther to the south.
One of the longest-standing questions in paleoanthropology is the place of Neandertals in human evolution. The fate of Neandertals is often framed in terms of polarized replacement and multiregional models. In reality, most anthropological geneticists, human paleontologists, and Paleolithic archaeologists now favor a predominantly extra-European origin for the earliest modern human populations in Europe (e.g., Brä uer 2001 , Conard and Bolus 2003 , d'Errico 2003 , Eswaran 2002 , Klein 2003 , Pääbo 2003 , Relethford 2001b , Stringer 2003 , Templeton 2002 , Trinkaus et al. 2003 , Underhill et al. 2001 , Zilhão and d'Errico 1999 , but see Wolpoff 2002 . Intense debate, however, continues about the nature and timing of the interactions between ancient modern humans and Neandertals, with particular emphasis on the degree to which Neandertals contributed genetically to the earliest modern human populations in Europe.
Analyses of mitochondrial (mt) DNA extracted from multiple Neandertal fossils have confirmed abundant skeletal evidence that Neandertals were biologically dis- al. , Serre et al. 2004 . The distinctiveness of Neandertal mtDNA shows that either modern human and Neandertal populations diverged deep in the past or human mtDNA diversity was much greater and more subdivided in the past than in the present. A single randomly mating population of modern humans and Neandertals is not consistent with the mtDNA evidence (Nordborg 1998). It would also appear that comparisons of living human and ancient Neandertal mtDNA could determine the extent of the genetic contribution of Neandertals to the earliest modern human populations in Europe, but on the basis of these data alone it is difficult to rule out many scenarios involving extensive admixture. Because Neandertal mtDNA lineages, along with many ancient modern human lineages, could have been lost through random genetic drift in populations ancestral to living humans, the further extraction of Neandertal mtDNA is unlikely to resolve this issue (Nordborg 1998, Relethford 2001a) ( fig. 1) . If ever technically feasible, the extraction of Neandertal nuclear DNA is unlikely to resolve this issue either. Even if Neandertals were a separate evolutionary lineage for hundreds of thousands of years, we would still not expect their nuclear DNA sequences to form separate clades from those of living humans (Pääbo 2003) , although the Y-chromosome or autosomal microsatellites could provide additional insight. Extensive studies of the genetic variation in living humans at tens to hundreds of unlinked autosomal loci may eventually help determine the extent of the genetic contribution of Neandertals to early modern human populations (for further discussion see Nordborg 2000, Wall 2000). These studies, unlike those based on ancient DNA, where Neandertal sequences are known, will always have to rely on assumptions about the timing and degree of genetic divergence of modern human and Neandertal lineages.
The amount of information preserved in living humans about the genetics of the ancient modern human population-and thus admixture between ancient modern humans and Neandertals-is strongly dependent on demographic history and population structure. Under certain demographic scenarios, the distinctiveness of Neandertal mtDNA is very useful for assessing the extent of admixture between ancient modern humans and Neandertals; under other scenarios it is not. In this context, we investigated whether the redating of a number Neandertal fossils to about 30,000 years ago (Hublin et al. 1995 , Mellars 1998 , Ovchinnikov et al. 2000 , Smith et al. 1999 ) and hence the possibility of a late survival of Neandertals in Europe bear significantly on the likelihood that Neandertals contributed genetically to early modern human populations. . Here we wanted to address the implications for the likelihood of modern-human-Neandertal admixture of two specific scenarios that have been proposed in the paleoanthropological literature. In so doing, we also explicitly modeled a contact period between ancient modern humans and Neandertals, which had not been done previously. In short, we asked, if ancient modern humans and Neandertals overlapped for many thousands of years in Europe, is it likely that there could have been both substantial admixture between ancient modern humans and Neandertals and the complete loss of Neandertal mtDNA lineages in living humans?
We used computer simulations to contrast a scenario of late Neandertal survival (10,000 years of contact between Neandertals and ancient modern humans from between Neandertals and ancient modern humans in Europe, because there are other modern human specimens from the Pestera cu Oase in Romania (Trinkaus et al. 2003 ) and Kent's Cavern in England (Hedges et al. 1989 ) that are directly radiocarbon-dated to approximately 35,000 and 31,000 years ago respectively. Additionally, stratigraphic associations suggest that modern human specimens from sites such as Mladec in the Czech Republic (Svoboda, van der Plicht, and Kuzelka 2002) Under the rapid-disappearance scenario ( fig. 3,a) , Neandertals could have contributed substantially to the modern human population for models of constant population size and rapid population growth (table 1) . Under the latesurvival scenario ( fig. 3,b) , the per generation Neandertal contribution (m) could only have been low for both the constant-size and growth models, but for the constantsize model the total Neandertal admixture (c) could still have been high ( Simulations of intermediate scenarios are more dependent on the specific parameters of the demographic models, such as the effective population sizes and the exponential population growth constant, but some qualitative observations are possible. For the growth model, the relationship between the total amount of Neandertal admixture and time is nonlinear, and therefore changing the contact period in the late-survival scenario from 10,000 to 8,000 years does not drastically change estimates of total Neandertal admixture, but changing the rapid-disappearance scenario from one generation to 2,000 years significantly reduces the amount of total Neandertal admixture that could have occurred. Thus, the late-survival period need not have been as long as 10,000 years for the total amount of Neandertal admixture that could have occurred to be low. For the constantsize model, the relationship between the total amount of Neandertal admixture and time is approximately linear.
discussion
Is Neandertal mtDNA actually so distinctive? One basic assumption of our simulations is that Neandertal mtDNA lineages are distinct relative to the variation found in living humans. The initial studies by the Neandertal mtDNA sequencing groups found that living human and Neandertal sequences differed substantially from each other (Krings et al. 1997 (Krings et al. , 2000 ; Ovchinnikov Caramelli et al. (2003) found no overlap between modern human and Neandertal mtDNA sequences using multidimensional scaling, and along with living human sequences this analysis included possible (because contamination cannot be ruled out) ancient modern human sequences from Paglicci 12 and 25, Italy (P12 and P25), and Lake Mungo 3, Australia (LM3). Knight (2003) used a phylogenetic approach to Neandertal mtDNA and found four highly consistent synapomorphies that unite Neandertals to the exclusion of all living humans and four highly consistent synapomorphies that unite all living humans to the exclusion of Neandertals (a total of eight highly consistent sites that define the two clades, including an insertion, which is a very rare event). These eight sites are consistent across thousands of living humans and are known to have low mutation rates. Additionally, for preserved sites, the mtDNA sequences from P12 and P25, LM3, and the nuclear mitochondrial insert (thought to have diverged shortly before the oldest coalescence of living human mtDNA sequences [Zischler et al. 1995] ) have none of the Neandertal synapomorphies while possessing all of the diagnostic derived sites of living human sequences (A. Knight, personal communication). Recently, mtDNA fragments were extracted from four additional Neandertal and five early modern human fossils that had similar biomolecular preservation. All the Neandertals and none of the ancient modern humans yielded sequences similar to previous Neandertal sequences (Cooper, Drummond, and Willerslev 2004, Serre et al. 2004 ). It appears, therefore, that the assumption that Neandertal mtDNA is distinct from that of living humans is reasonable.
Is there genetic evidence for human population growth about 40,000 years ago? Our simulations assumed either constant population size or constant size followed by rapid population growth, starting at 40,000 years ago. Which demographic model is more plausible? The human population has certainly grown over time, but there is uncertainty about when and how rapidly this growth occurred. The patterning of living human mtDNA variation appears to show the signature of rapid population growth from a small size starting 200,000-40,000 years ago (Excoffier 2002 , Excoffier and Schneider 1999 , Harpending et al. 1998 , Ingman et al. 2000 . Global samples and most individual populations show a signature of growth. However, this pattern could be the result of a recent selective sweep rather than population growth (Hawks et al. 2000 , Hawks and Wolpoff 2001 , Hey 1997 , Wise, Sraml, and Easteal 1998 . It is difficult to distinguish a selective sweep from population growth. Both result in an excess of rare alleles relative to what we would expect under neutral evolution in a population that has been constant in size (Harpending and Rogers 2000). The best way to distinguish between a selective sweep and population growth is to examine multiple genetic loci. The effects of selection should be observable only in regions tightly linked to the loci conferring a selective advantage to the organism, while demographic events should impact all loci uniformly. We review four relevant categories of genetic data: autosomal and X-chromosome single-nucleotide polymorphisms (SNPs), autosomal and X-chromosome microsatellites, Y-chromosome SNPs, and Y-chromosome microsatellites.
Many studies of autosomal and X-chromosome SNPs have provided only limited support for the signature of rapid population growth found in mtDNA. In a fairly comprehensive review, Ptak and Przeworski (2002) compiled a large database of existing studies of more than 400 regions of the human genome and found only weak support for a model of population growth. In this database, the average value for Tajima's D (D) was negative, which could be taken as evidence for population growth, but, as Ptak and Przeworski show statistically, negative D values more likely result from the pooling of individuals from genetically subdivided populations. Because many SNPs are specific to certain populations (Stephens et al. 2001) , the number of rare alleles increases and D decreases when subdivided populations are pooled.
However, ascertainment bias is another important confounding factor. SNPs or any molecular data are useful for estimating demographic history only if ascertainment bias can be modeled or controlled so that the complete pattern of polymorphism at a particular locus can be inferred (Eller 2001 , Polanski and Kimmel 2003 , Wakeley et al. 2001 . Ascertained markers are polymorphic loci detected using a small set of individuals. Polymorphic loci detected in the small set are then typed in a larger study sample to examine the relationships between alleles at these loci and geography and phenotypic variation. Ascertainment bias occurs when SNPs are located using small or unrepresentative samples or when certain SNPs are excluded on the basis of levels or patterns of polymorphism. Sometimes exclusion is implicit, such as eliminating some SNPs because they might be sequencing errors. Polanski and Kimmel (2003) found that estimates of population growth are extremely sensitive to ascertainment bias because it preferentially excludes rare SNPs from an analysis. The exclusion of rare SNPs will make many SNPs in the sample appear to be at intermediate frequencies, which would be interpreted as evidence of constant population size or a population crash.
In a recent study of SNPs at 120,000 genomewide loci from known populations, Marth et al. (2004) explicitly modeled and corrected for ascertainment bias and controlled for population structure, at least to a certain extent, by examining African-American, East Asian, and European-American samples separately. They concluded that all samples showed signatures of population growth consistent with the results for mtDNA. The East Asian and European-American diversity fit a model of a bottleneck followed by growth while the African-American sample fit a model of growth alone. Marth et al. estimated that post-bottleneck growth began 84,000-60,000 years ago for the East Asian sample and 86,000-54,000 years ago for the European-American sample, which overlaps the 200,000-40,000 years ago range for mtDNA. They estimated that growth in the African-American sample started earlier.
In general, autosomal and X-chromosome microsatellites tend to show evidence for rapid population growth, with expansion dates that are roughly concordant with those for mtDNA (reviewed by Rogers 2001). Pooling of subdivided populations should be less of a problem than for SNPs because most microsatellite variants are found in multiple populations (Rosenberg et al. 2002) . Ascertainment bias should also be less of a problem than for SNPs. Microsatellites have high mutation rates, which means that polymorphisms will be detected even in small ascertainment samples (Eller 2001). In the most extensive study to date, Zhivotovsky, Rosenberg, and Feldman (2003) analyzed the variation at 377 autosomal microsatellite loci from 52 globally distributed populations. Statistics of population growth were calculated for 271 of the loci for each individual population. Most populations show strong signatures of population growth with estimated start times that are consistent with those for mtDNA.
Results from the Y chromosome regarding past population growth are equivocal. Initial studies of Y-chromosome SNPs (e.g., Thomson et al. 2000) tended to show evidence for population growth. However, these studies were conducted on global samples pooled across subdivided populations, so the results could be due to population subdivision rather than growth (Ptak and Przeworski 2002). More recent studies of SNPs that pooled only European and Mediterranean populations (Pereira et al. 2001) or examined individual populations (Hammer et al. 2003 ) have found little evidence for growth. However, as for autosomal and X-chromosome SNPs, ascertainment bias may be a problem. An analysis of eight Ychromosome microsatellites from 50 globally distributed populations showed strong evidence of population growth (Pritchard et al. 1999) , but the number of loci was small, the effects of subdivision were not accounted for, and the dates for the start of growth are more recent than for mtDNA.
We believe that the close correspondence between studies of mtDNA and microsatellites and recent studies of autosomal and X-chromosome SNPs that controlled for ascertainment bias and population subdivision makes it reasonable to assume a model of rapid human population growth from a small size, starting 200,000-40,000 years ago. For the selective-sweep alternative to be correct there would have to have been virtually simultaneous selective sweeps in hundreds of unlinked genetic regions, which seems unlikely (Excoffier 2002, Relethford 2001b, Rogers 2001). Additionally, a signature of population growth may have been obscured in some loci by other factors such as balancing selection (Harpending and Rogers 2000, Rogers 2001). Nevertheless, it is clear that more research needs to be done to resolve this issue.
conclusions
The significance of ancient Neandertal mtDNA for resolving the fate of Neandertals increases greatly when considered in light of models for modern human origins derived from archaeology. On the basis of mtDNA, if Neandertals survived late in Europe, their per generation contribution to early modern human populations must have been fairly small (!0.2%) or we would find Neandertal mtDNA lineages in living humans. If the human population size remained constant and small until very recently, then the total, accumulated Neandertal admixture could still have been large, but if the human population started to grow rapidly from a small size about 40,000 years ago, then even a very small Neandertal genetic contribution to modern human populations can be ruled out. Archaeology tends to support the rapid population growth model (Klein et al. 2004 , Stiner et al. 1999 , as does living human mtDNA (Excoffier and Schneider 1999, Ingman et al. 2000) . Other genetic regions are more equivocal about the timing and magnitude of population growth (Harpending and Rogers 2000 , Ptak and Przeworski 2002 , Wall and Przeworski 2000 , but recent studies of SNPs and microsatellites appear to be reaching a consensus consistent with the results for mtDNA (Marth et al. 2004, Zhivotovsky, Rosenberg, and Feldman 2003) . Our results stress the importance of fully integrating archaeological, fossil, and genetic evidence in investigations of modern human origins.
